As the home for the bulk of eukaryotic genomes, the nucleus is a perfect venue for observing intricate regulatory mechanisms involving interactions between DNA, RNA, and protein. These interactions have evolved beyond the original central dogma concept, and the papers featured in this Select highlight some recent and exciting examples of these mechanisms.
How Does Human X Inactivation Work? I'm Not eXACTly Sure
In addition to the protein complexes that regulate gene expression, we know that noncoding RNAs can be involved in targeting regulatory complexes to chromatin. While analyzing RNA-seq data from a female-derived human embryonic stem cell line (hESC), Claire Rougeulle and colleagues found a previously unannotated region of the X chromosome that was actively transcribed. The resulting 251.8 kb, unspliced, polyadenylated transcript is primarily nuclear, bearing the hallmarks of a long noncoding RNA (lncRNA). The X chromosome is not a stranger to lncRNAs, as two such RNAs, XIST and TSIX, are well known to have a role in the mammalian version of sex chromosome dosage compensation, X chromosome inactivation (XCI) . So what might be special about another lncRNA expressed from the X chromosome? Could it have a role in XCI? XIST is known to coat the inactive X and to maintain it in an inactive state. However, this newly identified lncRNA is found to be associated with the active X chromosome, which led to the name of XACT (X active coating transcript). Interestingly, XACT is downregulated upon differentiation of hESCs-nearly completely silent after 10 days-and is either weakly expressed or not detectable in adult tissues. However, upon conversion of mesenchymal stem cells to induced pluripotent stem cells, there is strong re-expression of XACT. Also, XIST appears to prevent XACT expression from the inactive X. So what does this lncRNA do? That remains to be determined. It is not the first case of a lncRNA being associated with an active chromosome in a dosage compensation process. In fruit flies (where females do not inactivate either X chromosome), the lncRNAs rOX1 and rOX2 are critical components of a histone acetyltransferase complex that is responsible for upregulating the single X chromosome in males. Whether XACT is responsible for targeting a chromatin-modifying activity or has some other function remains to be seen. If you are thinking about checking this out in some mouse embryonic stem cells, it might not be worth the effort because it looks like expression of XACT may be a recent evolutionary event and is seen only in human cells.
Vallot, C., et al. (2013). Nat. Genetics 45, 239-241.
The negative regulation of gene expression by CpG sequences can be through cytosine methylation (left) or through the recruitment of a polycomb-repressive complex to unmethylated CGIs. Image courtesy of X. Wu and K. Helin.
In female human embryonic stem cells, XIST RNA (green) covers the inactive X and XACT (red) coats the active one. Image courtesy of C. Vallot.
A Remodeler Gets Drawn into a Loop
In addition to the interactions of regulatory molecules with arrays of nucleosomal DNA, it is important to consider the impact of higher-order organization such as looping. Typically, ATP-dependent chromatin-remodeling complexes are targeted through either specific interactions with modified histone tails or interactions with specific transcription factors (TFs). When asking whether the targeting of yeast remodeler Isw2 is transcription factor dependent, Toshio Tsukiyama and colleagues stumbled upon something unusual. Although they did see that Isw2 targeting overlapped and depended on transcription factors, curiously, many of these sites seemed to lack annotated TF-binding sites. In the case of the yeast transcription factor Ume6, nearly 90% of the 563 Isw2 binding sites that are Ume6 dependent were devoid of Ume6-specific binding sites. To examine the mechanism by which this targeting could happen, they turned back to their Isw2 ChIP-chip data and noticed that the remodeler often bound at 5' and 3' ends of the same gene, reminiscent of the binding pattern of TFIIB when it forms gene loops. Using chromosome confirmation capture (3C) and yeast genetics, Tsukiyama and colleagues were able to show that DNA looping targets Isw2 to specific loci and that Ume6 and TFIIB are necessary for formation of these loops and also for the repression of Ume6 target genes. Interestingly, all previously known examples of gene looping in yeast are associated with transcriptional activators. This is the first time that a nucleosome remodeler has been shown to be targeted by looping, and it will be interesting to see whether other related enzymes might be targeted similarly. Yadon, A.N., et al. (2013) . Mol. Cell. Published online March 7, 2013 . http://dx.doi.org/10.1016 /j.molcel.2013 .
Two Kinds of Loops for Proper T Cell Receptor Locus Rearrangements
Looping and higher-order structures have implications in genomic stability as well. The recombinases RAG1 and RAG2 generate diversity in immunoglobin (Ig) loci in B cell and in the T cell receptor loci in T cells through a process known as V(D)J recombination. The process rearranges the variable (V), diversity (D), and joining (J) segments within each locus to create a broad repertoire of receptors to recognize foreign antigens. The rearrangement of the T cell receptor a locus Tcra is one of the last steps in the complex process of diversifying T cell receptors. There are a large number of possible outcomes for each recombination event, and tight control is essential. One level of control is to limit recombination to a single allele. Jane Skok and colleagues have found that, like other loci, Tcra only cleaves one allele at a time, and they have added some key insights into how this happens. First, they show that higher-order intrachromosomal looping is linked to RAG-mediated cleavage of each allele. The association of RAG proteins coincides with transcription from the soon to be cleaved alleles along with decondensation of the chromatin. So what prevents the cleavage of the other allele? Previous work had shown that a key DNA-damage-signaling kinase, ATM, was involved in repositioning the second allele at Ig loci to heterochromatin. For Tcra, they find that ATM not only controls the positioning to heterochromatin, but also prevents looping. This suggests a negative feedback loop that acts in trans, wherein ATM is recruited to a break on the first allele and acts to suppress higher-order looping on the second allele. Chaumell, J., et al. (2013). Cell Rep. 3, 359-370 .
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Isw2 is targeted to canonical sites via physical interactions with Ume6. In contrast, Isw2 is targeted to ectopic sites via Ume6-and TFIIB-dependent DNA looping. A light-blue oval represents the transcription preinitiation complex. Image courtesy of T. Tsukyama.
Looping, kissing, and recombining. On the left, a balloonbased model of the image on the right, which shows monoallelic looping and pairing that faciliate targeted cleavage on one Tcra allele (red) in recombination centers away from the rest of chromosome 14 (green). Image courtesy of J. Skok.
